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Objective: To analyze the risk factors of delayed encephalopathy in
patients with acute carbon monoxide poisoning (DEACMP) and to
investigate the clinical significance and clinical value.
Methods: The baseline data from 68 patients admitted in the 981st
Hospital of Chinese People’s Liberation Army Joint Logistics Support
Force were collected, including sex, age, Glasgow Coma Scale
(GCS), history of smoking/drinking, history of DEACMP. Laboratory
examination records including cranial CT/MRI, cervical vascular color
ultrasonography, cardiac color ultrasonography, blood biochemical
markers, blood routine, and blood coagulation function were also
collected. Additionally, patients were followed-up visited at 1 month
and 6 months. Patients were divided into either the DEACMP group
or the NDEACMP group according to the occurrence of DEACMP. The
risk factors of DEACMP were identified by univariate and logistic
regression analyses. The area under the curve (AUC), sensitivity, and
specificity of each index were compared by the receiver operating
characteristic (ROC) curve.
Results: Among the 68 patients, 13 patients suffered from DEACMP
with an incidence of 19.1%. Univariate analysis indicated that there
were statistically significant differences in patients’ age, blood glucose,
blood glucose/potassium, GCS scores, abnormal cranial CT/MRI, and
coma time more than 4 h (P < 0.05). Logistic regression analysis showed
that B, SE, Wald, df, P, Exp (B) of GCS score were −0.489, 0.208, 5.55,
1, 0.018 and 0.634, respectively. Overall, GCS score is correlated with
DEACMP’s occurrence. ROC curve analysis showed that the sensitivity,
specificity, and the AUC of GCS scores were 0.769, 0.873 and 0.843,
respectively. The AUC of the indices in descending order are: GCS
score, blood glucose, blood glucose/potassium and age.
Conclusion: GCS score, blood glucose, blood glucose/potassium, and
age are useful predictive factors for the occurrence of DEACMP. Among
these, GCS score is the most significant predictive factor.
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1

Introduction

Carbon monoxide comes from carbonaceous
matter that is incompletely burned. Carbon
monoxide can bind to hemoglobin and reduce
its oxygen-carrying capacity after entering the
human body through the respiratory tract. This
leads to hypoxia in multiple tissues and organs,
particularly the brain. Brain tissue hypoxia can
lead to cranial vasodilation, ATP depletion,
sodium-potassium pump dysfunction, accumulation of sodium, and brain edema. Ultimately,
acute carbon monoxide poisoning (ACMP) occurs
[1]. Corresponding to different carboxyhemoglobin
concentration, patients experience dizziness,
tinnitus, and temporary coma with mild ACMP;
experience tidal reddening of the face and cherry
red lips with moderate ACMP; experience coma,
respiratory failure, and heart failure with severe
ACMP.
The metabolism of brain tissue is heavily
dependent on oxygen carried in the blood
circulation. Therefore, brain tissue has a very low
tolerance in an anoxic environment. Accordingly,
the brain is the most vulnerable organ in cases
of carbon monoxide poisoning. Furthermore,
DEACMP is the most severe and common
complication of ACMP. Some treated patients
suffer suddenly from neurological symptoms after
the pseudo-recovery period of 2–60 days, namely
DEACMP, including dementia, hemiplegia,
aphasia, blindness, hearing impairment, and
Parkinson’s disease [1]. Statistically, the incidence
of DEACMP in China is about 10%–72%, which
is much higher than that in other countries [2].
In most rural areas around Chengde City, China,
coal is used for heating and cooking, and this
increases the potential of carbon monoxide
poisoning. DEACMP greatly decreases the
patients’ quality of life and increases the burden
to the patient’s families. For successful prevention,
it is crucial to identify DEACMP in the early

stage of carbon monoxide poisoning. While some
research has been conducted on risk factors of
DEACMP, no unified view has been established
due to sample size and statistical limitations.
In this study, patients in the Chengde area with
carbon monoxide poisoning were selected to
analyze the possible risk factors of DEACMP.
We aim to facilitate the discussion of clinical
significance and value of risk factors and provide
evidence for the prevention and treatment of
DEACMP.

2 Materials and methods
2.1

Patient

Eighty-two patients with carbon monoxide
poisoning admitted to the 981st Hospital of the
Chinese People’s Liberation Army Joint Logistics
Support Force from 2017 to 2020 were selected.
Notably, 14 patients were unavailable for followup, among whom 6 patients died of severe illness
and 8 cases lost telephone contact. Ultimately,
68 patients were included and were divided into
delayed encephalopathy group (DE group) or
non-delayed encephalopathy groups (NDE group)
according to the presence of DEACMP. The
research conforms to Declaration of Helsinki.
Inclusion criteria were: 1) patient ages ranged
from 5 to 85 years; 2) the diagnosis and treatment
of patient with carbon monoxide poisoning and
DEACMP met the relevant clinical criteria [3, 4].
Exclusion criteria were: 1) the patient who had
complications of severe heart, liver, kidney, and
other organ dysfunction, which can influence
the levels of creatine kinase (CK), creatinine
kinase-myocardial band (CK-MB), blood glucose/
potassium ratio (GLU/K); 2) the patient who had
severe mental illness and could not cooperate
with the follow-up; 3) patient contact was lost
during follow-up; 4) patient with a history of
chronic disease such as cerebral infarction, cerebral
hemorrhage, and Parkinson’s disease.
Journal of Neurorestoratology
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2.2

Data collection

After patients with ACMP were hospitalized,
an individual research file was set up for each
of them. The clinical data for all patients were
collected from electronic medical records. The
baseline data on admission were recorded in
every patient’s research file. These include sex,
age, Glasgow Coma Scale (GCS) score, history
of HBP/DM, history of smoking/drinking, and
history of DEACMP. Laboratory and imaging
records including cranial computed tomography
(CT) or magnetic resonance imaging (MRI),
cervical vascular color ultrasonography, vascular
stricture, vascular thrombosis, cardiac color
ultrasonography, blood biochemical markers
[including blood glucose (GLU), GLU/K, urea,
alamine aminotransferase (ALT), CK, CK-MB],
blood routine, and blood coagulation function
were also recorded.
2.3

Follow-up

Patients were followed up with 1 month and 6
months after the onset of the disease by a neurologist to understand their treatment, recovery,
survival, and other events after discharge. Patients
were also assessed for mental and consciousness
disorders (e.g. dementia, delirium, coma), cortical
disorders (e.g. blindness, epilepsy, aphasia), sensory
and motor dysfunction, or Parkinson’s syndrome.
If a patient had neurological symptoms, the patient
then received a series of tests such as physical
examination, electroencephalogram, brain CT,
MRI, electromyography, and hearing examination.
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to analyze the constant variables that are not
normally distributed. P < 0.05 was considered
statistically significant. The indices with statistical
differences according to the univariate analysis
were selected as independent variables (X) and
DEACMP was selected as the dependent variable
(Y) for logistic regression analysis. A receiver
operating characteristic (ROC) curve was used
to analyze the sensitivity, specificity, area under
the curve (AUC), and cut-off of indices which
have statistical differences.

3

Results

3.1

Baseline data on patients’ admission

Among the 68 patients, 55 (81%) were over 40
and 32 (47%) were men. 20 (29%) patients had
a history of hypertension (HBP; 11 cases) or
diabetes mellitus (DM; 9 cases). 18 (26.5%) patients
had a history of smoking (8 cases) or drinking
(10 cases). 13 (19%) patients suffered from
DEACMP (Table 1).
3.2 DEACMP risk factors for categorical data
analysis
Among the categorical data, we found that
abnormal cranial CT/MRI (e.g., intracranial
softening focus, white matter demyelination
Table 1 Baseline data of patients.
Parameter
Age

Gender

2.4

n (percentage)

< 40

13 (19%)

≥ 40

55 (81%)

Male

32 (47%)

Female

36 (53%)

Yes

20 (29%)

No

48 (71%)

Smoking/drinking history

Yes

18 (26.5%)

No

50 (73.5%)

Accompany DEACMP

Yes

13 (19%)

No

55 (81%)

Statistical analysis

SPSS 23.00 software was used to analyze the
experimental data. A Chi-square test was used to
compare the categorical variables. Student’s t-test
or Q-test was used to analyze the continuous
variables that are normally distributed. A nonparametric Mann–Whitney U test was performed

Characteristics

HBP/DM history
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changes), coma history, especially coma time ≥ 4 h
were associated with the onset of DEACMP in a
statistically significant manner (P < 0.05; Table 2).
HBP/DM history and smoking/drinking history
were not associated with the onset of DEACMP
(P > 0.05). Among 18 cases with smoking/drinking
history, only one smoking case experienced
DEACMP. All patients had normal cervical
vascular color ultrasonography and cardiac color
ultrasonography results. Arteriosclerosis, vascular
stricture, and vascular thrombosis were not found
in either the DE group or the NDE group. These
results are therefore not listed in the table herein.

that age, GCS, GLU, GLU/K, CK, and CK-MB were
associated with the incidence of DEACMP in a
statistically significant manner (P < 0.05; Table 3).
Conversely, urea, WBC, and ALT were unrelated
to the incidence of DEACMP (P > 0.05; Table 3).

3.3 DEACMP risk factors for continuous
variable data analysis

ROC curve analysis showed that GCS score, GLU,
GLU/K, and age were associated with the onset
of DEACMP (P < 0.05). ROC curve analysis also

Among the continuous variable data, we found

3.4

Logistic regression analysis

Logistic regression analysis showed that the B,
SE, Wald, df, P, and Exp(B) of GCS score were
−0.489, 0.208, 5.550, 1, 0.018 and 0.613, respectively.
Taken together, GCS score is correlated with
DEACMP occurrence (P < 0.05; Table 4).
3.5

ROC curve analysis

Table 2 DEACMP risk factors for categorical data analysis.
DE group (13 cases),
n (%)

NDE group (55 cases),
n (%)

2

P

Cranial CT/MRI abnormality

7 (54%)

10 (15%)

7.133

0.008

Coma history

12 (92%)

24 (35%)

9.998

0.002

Coma time ≥ 4 h

9 (69%)

12 (18%)

11.074

0.001

HBP/DM history

4 (31%)

16 (24%)

0.014

0.905

Smoking/drinking history

1 (1.5%)

17 (25%)

2.912

0.088

Risk factors

Brain CT/MRI abnormalities include intracranial softening focus, white matter demyelination changes, etc. Chi-square test were
used to compared the categorical variables.
Table 3 Analysis of risk factors in DEACMP.
Risk factor
GCS
Age, years

DE group (13 cases),
mean (LL, HL)

NDE group (55 cases),
mean (LL, HL)

Z

P

9 (8, 12)

15 (15, 15)

−4.843

< 0.001

63 (52, 68)

54 (40, 62)

2.240

0.025

6.6 (5.6, 9.4)

5.6 (5.0, 6.8)

2.597

0.009

1.75 (1.60, 2.84)

1.46 (1.29, 1.76)

2.472

0.013

5.8 (4.5, 7.8)

4.6 (3.7, 6.2)

1.762

0.078

9.90 (7.24, 11.47)

7.59 (6.32, 10.71)

1.418

0.156

ALT, U/L

12.92 (11.05, 25.89)

13.02 (9.45, 19.69)

0.690

0.490

CK, U/L

599.58 (217.02, 1820.50)

74.59 (61.18, 181.63)

2.944

0.003

28.1 (14.3, 46.1)

13.5 (7.4, 19.2)

2.355

0.019

GLU, mmol/L
GLU/K
Urea, μmol/L
WBC, 10 /L
9

CK-MB, U/L

GCS, Glasgow Coma Scale score; GLU, blood glucose concentration; GLU/K, blood glucose/potassium ratio; WBC, white blood
cell counts; ALT, alamine aminotransferase; CK, creatine kinase concentration; CK-MB, creatinine kinase-myocardial band
concentration; LL, lower limit; HL, upper limit; Z, standard score.
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Table 4 Multivariate binary logistic regression analysis.
Variable

B

SE

Wald

df

P

95% Wald confidence interval
(CI) of Exp(B)

Exp(B)

Lower limit

Upper limit

Constant

1.627

3.421

0.226

1

0.634

5.089

–

–

GCS

−0.489

0.208

5.550

1

0.018

0.613

0.408

0.921

Age

0.034

0.039

0.756

1

0.385

1.035

0.958

1.117

GLU

0.418

0.659

0.403

1

0.525

1.520

0.418

5.528

GLU/K

−0.753

2.293

0.108

1

0.743

0.471

0.005

42.122

Cranial CT/MRI abnormality

−0.540

1.045

0.267

1

0.605

0.583

0.075

4.514

Coma history

−2.448

1.434

2.914

1

0.088

0.086

0.005

1.437

Coma time ≥ 4h

1.222

1.344

0.827

1

0.363

3.395

0.244

47.291

GCS, Glasgow Coma Scale score; GLU, blood glucose concentration; GLU/K, blood glucose/ potassium ratio.

showed that cut-off level, sensitivity, specificity,
and the AUC of GCS scores were 12.5, 0.769, 0.873
and 0.843, respectively. Cut-off level, sensitivity,

Table 5 ROC curve analysis assessment of sensitivity and
specificity of variables.
Variables

specificity, the AUC of GLU and GLU/K, and

AUC
(95% CI)

Cut-off Sensitivity Specificity

P

GCS

0.843
(0.696–0.991)

12.5

0.769

0.873

0.000

GLU

0.733
(0.585–0.880)

8.96

0.385

0.982

0.009

score showed the best predictive effect.

GLU/K

0.722
(0.571–0.873)

1.59

0.692

0.655

0.013

4 Discussion

Age

0.701
(0.543–0.858)

65

0.462

0.909

0.025

age results are detailed in Table 5. The AUC of
indices in descending order is GCS score, GLU,
GLU/K, and age (Table 5, Fig. 1). Clearly, GCS

The affinity of hemoglobin to bind to carbon
monoxide is 200–300 times greater than that
of oxygen. Additionally, the dissociation ability
between hemoglobin and carbon monoxide is
only 1/3000 that of oxygen. Taken together, it is
understandable that when carbon monoxide is
inhaled excessively, it will seriously affect the
oxygen content in blood circulation. This, in turn,
affects the energy metabolism of the entire
human body’s tissues and organs. The brain,
especially the cortex, is particularly susceptible
to hypoxia. When carbon monoxide poisoning
occurs, the brain the first to be involved. It is
likely to progress to DEACMP, which is the most
severe and common complication of ACMP. The
current hypothesis of DEACMP pathogenesis [5]

Fig. 1 ROC curve of age, GCS score, GLU and GLU/K.
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includes neuroinflammation, excitatory amino
acids, apoptosis, and others. However, the exact
pathogenesis remains unknown. Some epidemiological statistics have regional differences
[6, 7], making it more challenging to prevent
and improve the prognosis of DEACMP.
There are many ACMP patients in the Chengde
area every year. To support the prevention of
DEACMP, 68 patients with carbon monoxide
poisoning in the Chengde area were selected
and the possible risk factors of DEACMP were
observed and analyzed. In the univariate analysis
of risk factors for DEACMP, we found that age,
GLU, GLU/K, CK, CK-MB, GCS score, abnormal
brain CT/MRI, coma, and coma time were significantly correlated with DEACMP.
The function of multiple organs declines
with age and the incidence of diseases such as
hypertension, hyperlipemia, and hyperglycemia
increases. A combination of these may lead
to the compromised vascular wall elasticity,
atherosclerosis, and increased blood viscosity. In
turn, the blood and, therefore, oxygen supply,
and speed of repair to brain tissue is affected.
Furthermore, aging affects the ability of the human
body to regulate brain tissue, making age one of
the risk factors for DEACMP. This is consistent
with the findings of Wu et al. [8].
The brain is the first organ adversely affected
by ACMP. The severity of disturbance of consciousness or coma is positively correlated with
the exposure time of carbon monoxide [9]. In
this study, cases were divided into three grades
according to whether the initial onset was accompanied by disturbance of consciousness or not.
The groups were as follows: non-coma, coma
< 4 h, and coma ≥ 4 h. Results showed that 92%
of the patients in the DE group had coma. Coma
≥ 4 h accounted for 69%, which is much higher
than that in the NDE group.
The GCS score scale can objectively evaluate a

Journal of Neurorestoratology

patient’s state of consciousness and predict the
prognosis of the brain injury. Some studies [2]
suggest that if the GCS score is less than 8, the
incidence of DEACMP can reach 40.24%. Our
study also showed that GCS score in the DE
group was lower than that of the NDE group.
Lower GCS scores correlate to a higher incidence
of DEACMP and this is consistent with previous
studies. Logistic regression analysis confirmed
that GCS score is correlated with DEACMP
occurrence. ROC curve analysis showed that
cut-off level, sensitivity, specificity, and AUC of
GCS score were 12.5, 0.769, 0.873 and 0.843,
respectively. Again, GCS score showed the best
predictive effect, which remind us that patients
with mild disturbance in consciousness should
be monitored dynamicly.
Our results suggest that the state of consciousness, especially the duration of coma in
patients with carbon monoxide poisoning, is
closely related to the occurrence of DEACMP.
This finding requires further investigation. Brain
hypoxia can not only lead to brain edema affecting
consciousness but can also cause a series of
inflammatory reactions leading to demyelination.
These effects are shown with MRI, while CT
examination shows low-density changes in white
matter, basal ganglia, and globus pallidus [10].
In this study, the rate of abnormal imaging
examination in the early stage of DEACMP
patients was 54%. This indicates that early imaging
abnormalities in carbon monoxide poisoning can
predict the risk of DEACMP occurrence.
After carbon monoxide poisoning, many tissues
are in a state of hypoxia and oxidative stress.
The human body urgently starts a sympathetic
nervous system reaction to secrete catecholamine
and regulate systemic metabolism. Catecholamine
can directly stimulate human glucose production
and increase blood glucose levels by reducing
insulin secretion of pancreatic β-cells. In this study,
Journal of Neurorestoratology
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the blood glucose level of patients in the DE group
was significantly higher than that in the NDE
group. These results indicate that hyperglycemia
may be related to the occurrence of DEACMP.
However, in the study by Sokal et al. [11], blood
glucose in patients increased at the initial stage
of exposure to carbon monoxide, but decreased
gradually with the extension of exposure time. In
our study, ROC curve analysis showed that blood
glucose had a low sensitivity of 0.385 and a high
specificity of 0.982 to predict the occurrence of DE.
Taken together, this suggests that blood glucose
can be used as an independent risk factor for
the occurrence of DE. In hypoxic conditions,
the anaerobic glycolysis of glucose is enhanced,
which quickly causes lactic acid accumulation.
Catecholamine promotes the increase of blood
glucose and insulin secretion, which facilitates
the entry of extracellular potassium into cells and
causes hypokalemia. Previous study [12] showed
that blood glucose/potassium ratio can be used
as an evaluation index of catecholamines in vivo
to predict the occurrence of vasospasm after
subarachnoid hemorrhage. In this study, we found
that the ratio of blood glucose to potassium in the
DE group was higher than that in NDE group.
This was consistent with the results of Demirtaş
et al. [13]. In predicting the occurrence of DEACMP,
ROC curve analysis showed that the AUC of
blood glucose/potassium ratio is 0.722, and the
sensitivity and specificity are 0.692 and 0.655,
respectively. It shows that the blood glucose/
potassium ratio is an independent predictive
index of DEACMP.
Lastly, CK is an enzyme involved in energy
metabolism, mainly located in the heart, brain,
and skeletal muscle. The level of CK increases in
patients with DEACMP [14, 15]. This could be
due to the high concentration of carbon monoxide
chelated iron, which inhibits intracellular respiration and oxygen diffusion, resulting in hypoxia
in the whole body. The brain and heart, which are
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most sensitive to hypoxia, are the first to react
and release intracellular enzymes, increasing the
level of CK in serum. CK-MB is a CK isozyme
mainly distributed in myocardium, which can
predict the neurological sequelae of ACMP
together with CK and lactate dehydrogenase
[16, 17]. In our study, we found that the levels
of CK and CK-MB in patients with DEACMP
increased significantly. It suggests CK and CK-MB
can be used as markers to predict the occurrence
of DEACMP.

5

Conclusions

Patients with carbon monoxide poisoning are
likely to develop DEACMP without treatment,
especially those with primary diseases. The
analyses in this study showed that patients with
a history of coma, coma time ≥ 4 h, abnormal
CT/MRI imaging, CK, CK-MB, GCS score, blood
glucose, blood glucose/potassium ratio and those
with advanced age may have increased occurrence
of DEACMP. Of these, the GCS score is the most
valuable predictive factor. When these risk factors
accompany patients, we suggest giving early
intervention of nerve repair to avoid occurrence
of DEACMP or reduce the degree of damage. Early
intervention is very important if abnormal indices
are found in the early stage carbon monoxide
poisoning. The earlier the treatment is given, the
greater the achieved benefit.
Due to limited sample numbers, age stratification is not thoroughly understood. Therefore, the
exact relationship between age and occurrence
of DEACMP requires further investigation.
Increased participant numbers in the future can
generate a more conclusive understanding of this
relationship.
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